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Description

Technical Field

[0001] This invention relates generally to cryogenic
rectification and, more particularly, to the provision of
refrigeration to a cryogenic rectification plant to carry
out the cryogenic rectification.

Background Art

[0002] Cryogenic rectification such as, for example,
the cryogenic rectification of feed air to produce oxygen,
nitrogen and argon, requires the provision of refrigera-
tion for the cryogenic rectification plant. Typically such
refrigeration is provided by the turboexpansion of a
process stream. Turboexpansion is an energy intensive
step and it is quite costly especially when larger
amounts of refrigeration are required such as when one
or more liquid products are required. In the case of cry-
ogenic air separation, when argon product in addition to
nitrogen and oxygen product is desired, turboexpansion
of feed air can reduce argon recovery.

[0003] Accordingly it is an object of the invention to
provide a system for providing refrigeration into a cryo-
genic rectification plant wherein not all of the requisite
refrigeration for operating the plant is generated by tur-
boexpansion of a process stream.

Summary of the Invention

[0004] The above and other objects, which will
become apparent to those skilled in the art upon a read-
ing of this disclosure, are attained by the present inven-
tion, one aspect of which is:

[0005] A method for providing refrigeration for a cry-
ogenic rectification plant comprising:

(A) compressing a multicomponent refrigerant fluid,
expanding the compressed multicomponent refrig-
erant fluid to produce refrigeration and warming the
expanded multicomponent refrigerant fluid by indi-
rect heat exchange with a process fluid thereby
passing refrigeration from the refrigerant fluid into
the process fluid;

(B) passing refrigeration from the process fluid into
the cryogenic rectification plant;

(C) turboexpanding a fluid stream to generate
refrigeration and passing refrigeration from the tur-
boexpanded fluid stream into the cryogenic rectifi-
cation plant; and

(D) using refrigeration generated by the expanded
multicomponent refrigerant fluid and refrigeration
generated by the turboexpanded fluid stream to
produce at least one product by cryogenic rectifica-
tion within the cryogenic rectification plant.

[0006] Another aspect of this invention is:
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[0007] Apparatus for providing refrigeration into a
cryogenic rectification plant comprising:

(A) a multicomponent refrigerant fluid refrigeration
circuit comprising a compressor, expansion means
and a heat exchanger, and means for passing mul-
ticomponent refrigerant fluid from the compressor
to the expansion means, from the expansion means
to the heat exchanger and from the heat exchanger
to the compressor;

(B) means for passing process fluid through the
heat exchanger and means for passing refrigeration
from the process fluid into a cryogenic rectification
plant;

(C) a turboexpander for generating refrigeration
and means for passing refrigeration from the tur-
boexpander into the cryogenic rectification plant;
and

(D) means for recovering product from the cryo-
genic rectification plant.

[0008] As used herein the term "refrigeration”
means the capability to reject heat from a lower temper-
ature to a higher temperature, typically from a subambi-

ent temperature to the surrounding ambient
temperature.
[0009] As used herein the term "cryogenic rectifica-

tion plant" means a facility for fractionally distilling a mix-
ture by cryogenic rectification, comprising one or more
columns and the piping, valving and heat exchange
equipment attendant thereto.

[0010] As used herein, the term "feed air" means a
mixture comprising primarily oxygen, nitrogen and
argon, such as ambient air.

[0011] As used herein, the term "column" means a
distillation or fractionation column or zone, i.e. a con-
tacting column or zone, wherein liquid and vapor
phases are countercurrently contacted to effect separa-
tion of a fluid mixture, as for example, by contacting of
the vapor and liquid phases on a series of vertically
spaced trays or plates mounted within the column
and/or on packing elements such as structured or ran-
dom packing. For a further discussion of distillation col-
umns, see the Chemical Engineer's Handbook, fifth
edition, edited by R. H. Perry and C. H. Chilton,
McGraw-Hill Book Company, New York, Section 13, The
Continuous Distillation Process.

[0012] The term "double column" is used to mean a
higher pressure column having its upper portion in heat
exchange relation with the lower portion of a lower pres-
sure column. A further discussion of double columns
appears in Ruheman "The Separation of Gases",
Oxford University Press, 1949, Chapter VII, Commercial
Air Separation.

[0013] Vapor and liquid contacting separation proc-
esses depend on the difference in vapor pressures for
the components. The high vapor pressure (or more vol-
atile or low boiling) component will tend to concentrate
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in the vapor phase whereas the low vapor pressure (or
less volatile or high boiling) component will tend to con-
centrate in the liquid phase. Distillation is the separation
process whereby heating of a liquid mixture can be
used to concentrate the more volatile component(s) in
the vapor phase and thereby the less volatile compo-
nent(s) in the liquid phase. Partial condensation is the
separation process whereby cooling of a vapor mixture
can be used to concentrate the more volatile compo-
nent(s) in the vapor phase and thereby the less volatile
component(s) in the liquid phase. Rectification, or con-
tinuous distillation, is the separation process that com-
bines  successive partial vaporizations and
condensations as obtained by a countercurrent treat-
ment of the vapor and liquid phases. The countercurrent
contacting of the vapor and liquid phases can be adia-
batic or nonadiabatic and can include integral (stage-
wise) or differential (continuous) contact between the
phases. Separation process arrangements that utilize
the principles of rectification to separate mixtures are
often interchangeably termed rectification columns, dis-
tillation columns, or fractionation columns. Cryogenic
rectification is a rectification process carried out at least
in part at temperatures at or below 150 degrees Kelvin
(K).

[0014] As used herein, the term "indirect heat
exchange" means the bringing of two fluid streams into
heat exchange relation without any physical contact or
intermixing of the fluids with each other.

[0015] As used herein, the terms "turboexpansion”
and "turboexpander" mean respectively method and
apparatus for the flow of high pressure fluid through a
turbine to reduce the pressure and the temperature of
the fluid thereby generating refrigeration.

[0016] As used herein the term "expansion" means
to effect a reduction in pressure.

[0017] As used herein the term "variable load refrig-
erant” means a mixture of two or more components in
proportions such that the liquid phase of those compo-
nents undergoes a continuous and increasing tempera-
ture change between the bubble point and the dew point
of the mixture. The bubble point of the mixture is the
temperature, at a given pressure, wherein the mixture is
all in the liquid phase but addition of heat will initiate for-
mation of a vapor phase in equilibrium with the liquid
phase. The dew point of the mixture is the temperature,
at a given pressure, wherein the mixture is all in the
vapor phase but extraction of heat will initiate formation
of a liquid phase in equilibrium with the vapor phase.
Hence, the temperature region between the bubble
point and the dew point of the mixture is the region
wherein both liquid and vapor phases coexist in equilib-
rium. In the practice of this invention the temperature
differences between the bubble point and the dew point
for the variable load refrigerant is at least 10°K, prefera-
bly at least 20°K and most preferably at least 50°K.
[0018] As used herein the term "fluorocarbon"
means one of the following: tetrafluoromethane (CF,),
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perfluoroethane (C,Fg) , perfluoropropane (CsFg), per-
fluorobutane (C4Fqp), perfluoropentane (CsF45), per-
fluoroethene  (C,F4),  perfluoropropene  (CsFg),
perfluorobutene (C4Fg), perfluoropentene (CsF 1), hex-
afluorocyclopropane (cyclo-C3Fg) and octafluorocyclob-
utane (cyclo-C4Fg).

[0019] As used herein the term "hydrofluorocarbon’
means one of the following: fluoroform (CHF3), pen-
tafluoroethane (C,HF;5), tetrafluoroethane (C,HoF,),
heptafluoropropane (C3HF7), hexafluoropropane
(C3H,Fg), pentafluoropropane (C5H3F5), tetrafluoropro-
pane (C3Hy4F4), nonafluorobutane (C4HFg), octafluorob-
utane (C4H5Fg), undecafluoropentane (CsHF 4 1); methyl
fluoride (CH3F), difluoromethane (CH4F5), ethyl fluoride
(CoHsF), difluoroethane (CoH4F5), trifluoroethane
(CoH3F3), difluoroethene (CyHoF5), trifluoroethene
(CoHF3), fluoroethene (C,H3F), pentafluoropropene
(C3HFs5), tetrafluoropropene (CsHyF,), trifluoropropene
(C3H3F3), difluoropropene (C3H4F>), heptafluorobutene
(C4HF7), hexafluorobutene (C4H,Fg) and nonafluoro-
pentene (CsHFy).

[0020] As used herein the term "fluoroether" means
one of the following: trifluoromethyoxy-perfluorometh-
ane (CF3-0-CFj3), difluoromethoxy-perfluoromethane
(CHF,-O-CF3), fluoromethoxy-perfluoromethane
(CH,F-O-CF3), difluoromethoxy-difluoromethane
(CHF,-O-CHF»), difluoromethoxy-perfluoroethane
(CHF,-O-CyF5), difluoromethoxy-1,2,2,2-tetrafluor-
oethane (CHF,-O-C,HF,), difluoromethoxy-1,1,2,2-
tetrafluoroethane (CHF,-O-C,HF,4), perfluoroethoxy-
fluoromethane  (CoF5-O-CH5F),  perfluoromethoxy-
1,1,2-trifluoroethane (CF3-O-C5H5F3), perfluorometh-
oxy-1,2,2-trifluoroethane (CF30-CoH,F3), cyclo-
1,1,2,2-tetrafluoropropylether (cyclo-C3H,F4-O-), cyclo-
1,1,3,3-tetrafluoropropylether (cyclo-C3H,F4-O-), per-
fluoromethoxy-1,1,2,2-tetrafluoroethane (CF3-O-
C,HF,4), cyclo-1,1,2,3,3-pentafluoropropylether (cyclo-
C3H5-0-), perfluoromethoxy-perfluoroacetone (CF3-O-
CF,-O-CF3), perfluoromethoxy-perfluoroethane (CF3-
0-C,F5), perfluoromethoxy-1,2,2,2-tetrafluoroethane
(CF3-0O-C,HF,), perfluoromethoxy-2,2,2-trifluoroethane
(CF3-0O-C,HyF3), cyclo-perfluoromethoxy-perfluoroace-
tone (cyclo-CF,-O-CF,-O-CF,-) and cyclo-perfluoro-
propylether (cyclo-C5Fg-O).

[0021] As used herein the term "atmospheric gas'
means one of the following: nitrogen (N,), argon (Ar),
krypton (Kr), xenon (Xe), neon (Ne), carbon dioxide
(COy) , oxygen (O,) and helium (He).

[0022] As used herein the term "non-toxic" means
not posing an acute or chronic hazard when handled in
accordance with acceptable exposure limits.

[0023] As used herein the term "non-flammable
means either having no flash point or a very high flash
point of at least 600°K.

[0024] As used herein the term "low-ozone-deplet-
ing" means having an ozone depleting potential less
than 0.15 as defined by the Montreal Protocol conven-
tion wherein dichlorofluoromethane (CCI,F,) has an
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ozone depleting potential of 1.0.

[0025] As used herein the term "non-ozone-deplet-
ing" means having no component which contains a
chlorine, bromine or iodine atom.

[0026] As used herein the term "normal boiling
point" means the boiling temperature at 1 standard
atmosphere pressure, i.e. 14.696 pounds per square
inch absolute.

Brief Description Of The Drawings

[0027]

Figure 1 is a schematic representation of one pre-
ferred embodiment of the invention wherein the
multicomponent refrigerant fluid refrigeration circuit
serves to cool the feed to the turboexpander.
Figure 2 is a more detailed representation of the
multicomponent refrigerant fluid refrigeration circuit
employed in the embodiment illustrated in Figure 1.
Figure 3 is a schematic representation of another
preferred embodiment of the invention wherein the
heat exchanger of the multicomponent refrigerant
fluid refrigeration circuit is the main heat exchanger
of the cryogenic rectification plant.

[0028] The numerals in the Drawings are the same
for the common elements.

Detailed Description

[0029] The invention will be described in detail with
reference to the Drawings. In Figure 1 there is illustrated
a cryogenic air separation plant having three columns
including a double column having higher and lower
pressure columns and an argon sidearm column.

[0030] Referring now to Figure 1, feed air 60 is com-
pressed by passage through base load compressor 30
to a pressure generally within the range of from 35 to
250 pounds per square inch absolute (psia). Resulting
compressed feed air 61 is cooled of the heat of com-
pression in an aftercooler (not shown) and is then
cleaned of high boiling impurities such as water vapor,
carbon dioxide and hydrocarbons by passage through
purifier 50 and then purified feed air stream 62 is divided
into three portions designated 65, 63 and 72. Portion
65, generally comprising from 20 to 35 percent of feed
air stream 62, is further compressed by passage
through booster compressor 31 to a pressure which
may be up to 1000 psia, and resulting further com-
pressed feed air stream 66 is cooled of the heat of com-
pression in an aftercooler (not shown) and is cooled and
preferably at least partially condensed by indirect heat
exchange with return streams in main or primary heat
exchanger 1. Resulting cooled feed air stream 67 is
then divided into stream 68 which is passed through
valve 120 and into higher pressure column 10 and into
stream 69 which is passed through valve 70 and as
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stream 71 into lower pressure column 11.

[0031] Another portion 72, comprising from about 1
to 20 percent of feed air stream 62, is compressed to a
pressure which may be up to 300 psia by passage
through compressor 32, and resulting compressed
stream 73 is cooled of the heat of compression by pas-
sage through aftercooler 8. Resulting feed air stream 74
is then passed through heat exchanger 5 of the multi-
component refrigerant fluid refrigeration circuit wherein
it is cooled by transfer of refrigeration from the recircu-
lating multicomponent refrigerant fluid as will be more
fully described below. Resulting cooled feed air stream
75, which in this embodiment is the process fluid which
receives refrigeration from the multicomponent refriger-
ant fluid, is turboexpanded by passage through turboex-
pander 33 to generate additional refrigeration, and
resulting turboexpanded stream 76 is passed from tur-
boexpander 33 into lower pressure column 11. In this
way refrigeration generated by the multicomponent
refrigerant fluid refrigeration circuit and refrigeration
generated by the turboexpansion is passed into the cry-
ogenic rectification plant with the passage of stream 76
into column 11.

[0032] The remaining portion 63 of feed air stream
62 is cooled by passage through main heat exchanger 1
by indirect heat exchange with return streams and
passed as stream 64 into higher pressure column 10
which is operating at a pressure generally within the
range of from 35 to 250 psia. Within higher pressure col-
umn 10 the feed air is separated by cryogenic rectifica-
tion into nitrogen-enriched vapor and oxygen-enriched
liquid. Nitrogen-enriched vapor is withdrawn from the
upper portion of higher pressure column 10 in stream
77 and condensed in reboiler 2 by indirect heat
exchange with boiling lower pressure column bottom lig-
uid. Resulting nitrogen-enriched liquid 78 is returned to
column 10 as reflux. A portion of the nitrogen-enriched
liquid 79 is passed from column 10 to desuperheater 6
wherein it is subcooled to form subcooled stream 80. If
desired, a portion 31 of stream 80 may be recovered as
product liquid nitrogen having a nitrogen concentration
of at least 99 mole percent. The remainder of stream 80
is passed in stream 82 into the upper portion of column
11 as reflux.

[0033] Oxygen-enriched liquid is withdrawn from
the lower portion of higher pressure column 10 in
stream 83 and passed to desuperheater 7 wherein it is
subcooled. Resulting subcooled oxygen-enriched liquid
84 is then divided into portion 85 and portion 88. Portion
85 is passed through valve 86 and as stream 87 into
lower pressure column 11. Portion 88 is passed through
valve 95 and into argon column condenser 3 wherein it
is partially vaporized. The resulting vapor is withdrawn
from condenser 3 in stream 94 and passed as stream
96 into lower pressure column 11. Remaining oxygen-
enriched liquid is withdrawn from condenser 3 in stream
93, combined with stream 94 to form stream 96 and
then passed into lower pressure column 11.



7 EP 1 016 840 A2 8

[0034] Lower pressure column 11 is operating at a
pressure less than that of higher pressure column 10
and generally within the range of from 15 to 100 psia.
Within lower pressure column 11 the various feeds are
separated by cryogenic rectification into nitrogen-rich
vapor and oxygen-rich liquid. Nitrogen-rich vapor is
withdrawn from the upper portion of column 11 in
stream 101, warmed by passage through heat exchang-
ers 6, 7 and 1, and recovered as product nitrogen in
stream 104 having a nitrogen concentration of at least
99 mole percent. For product purity control purposes a
waste stream 97 is withdrawn from column 11 from a
level below the withdrawal point of stream 101, warmed
by passage through heat exchangers 6, 7 and 1, and
removed from the system in stream 100. Oxygen-rich
liquid is withdrawn from the lower portion of column 11
in stream 105 having an oxygen concentration generally
within the range of from 70 to 99.9 mole percent and
preferably within the range of from 95 to 99.5 mole per-
cent. If desired a portion 106 of stream 105 may be
recovered as product liquid oxygen. The remaining por-
tion 107 of stream 105 is pumped to a higher pressure
by passage through liquid pump 35 and pressurized
stream 108 is vaporized in main heat exchanger 1 and
recovered as product elevated pressure oxygen gas
109.

[0035] Fluid comprising oxygen and argon is
passed in stream 110 from lower pressure column 11
into argon column 12 wherein it is separated by cryo-
genic rectification into argon-richer fluid and oxygen-
richer fluid. Oxygen-richer fluid is passed from the lower
portion of column 12 in stream 111 into lower pressure
column 11. Argon-richer fluid is passed from the upper
portion of column 12 in vapor stream 89 into argon col-
umn condenser 3 wherein it is condensed by indirect
heat exchange with the aforesaid partially vaporizing
subcooled oxygen-enriched liquid. Resulting argon-
richer liquid is withdrawn from condenser 3 in stream
90. A portion 91 is passed into argon column 12 as
reflux and another portion 92 is recovered as product
argon having an argon concentration generally within
the range of from 95 to 99.999 mole percent.

[0036] Referring now to both Figures 1 and 2, there
will be described in greater detail the operation of the
multicomponent refrigerant fluid closed loop circuit
which serves to generate a portion of the refrigeration
passed into, i.e. provided for, the cryogenic rectification
plant. Refrigeration is conventionally generated at a
given temperature using a single component refrigerant
fluid in a closed loop flow circuit. Examples of such con-
ventional systems include home refrigerators and air
conditioners. Multicomponent refrigerant fluids can pro-
vide variable amounts of refrigeration over a tempera-
ture range. Thus the refrigeration supply can be
matched to the refrigeration requirements at each tem-
perature thereby reducing system energy needs.
[0037] Multicomponent refrigerant fluid in stream
201 is compressed by passage through recycle com-
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pressor 34 to a pressure generally within the range of
from 60 to 600 psia to produce compressed refrigerant
fluid 202. The compressed refrigerant fluid is cooled of
the heat of compression by passage through water
cooled aftercooler 4 and may be partially condensed.
The multicomponent refrigerant fluid in stream 203 is
then further cooled by passage through refrigeration cir-
cuit heat exchanger 5 wherein it is further cooled and
partially or completely condensed. Cooled, compressed
multicomponent refrigerant fluid 204 is then expanded
or throttled though valve 205 or optionally expanded
through an expansion turbine. The throttling preferably
partially vaporizes the multicomponent refrigerant fluid,
cooling the fluid and generating refrigeration. Under
some limited circumstances, dependent on heat
exchanger conditions, the compressed fluid 204 may be
subcooled liquid prior to expansion, and may remain as
liquid following initial expansion. Subsequently, upon
warming in the heat exchanger, the fluid would contain
two phases.

[0038] Refrigeration bearing multicomponent two
phase refrigerant fluid stream 206, having a tempera-
ture generally within the range of from 125 to 225°K,
preferably 150 to 175°K is then passed through heat
exchanger 5 wherein it is warmed and completely
vaporized thus serving by indirect heat exchange to
cool stream 203 and also to transfer refrigeration into
feed air stream 74 to produce cooled feed air stream 75.
Stream 75 is ultimately passed into column 11 thus
passing refrigeration generated by the multicomponent
refrigerant fluid refrigeration circuit into the cryogenic
rectification plant. The resulting warmed multicompo-
nent refrigerant fluid in vapor stream 201 is then recy-
cled to compressor 34 and the refrigeration cycle starts
anew.

[0039] The pressure expansion of a fluid through a
valve provides refrigeration by the Joule-Thomson
effect, i.e. lowering of the fluid temperature due to pres-
sure reduction at constant enthalpy. However, under
some circumstances the fluid expansion could occur by
utilizing a two-phase or liquid expansion turbine so that
the fluid temperature would be additionally lowered due
to work extraction by the turbine. Generally, for multi-
component refrigerants, the added cooling due to two-
phase or liquid turbine expansion would be relatively
low compared to the cooling associated with valve
expansion. However, for gas expansion in a turbine,
such as the feed air turboexpansion in turboexpander
33, the fluid cooling associated with the work extraction
is considerably higher than would be available by a
valve expansion of the gas stream. The key difference is
that following pressure expansion of the multicompo-
nent refrigerant fluid, there is available varying amounts
of refrigeration as the fluid is rewarmed, whereas for the
gas stream that is turboexpanded there is available a
uniform amount of refrigeration as the gas is rewarmed.
Thus the combination of the multicomponent refrigerant
and the turboexpanded stream can provide process
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refrigeration as needed over a wide temperature range.
The result is a close matching of required and supplied
refrigeration over a wide temperature range within the
process resulting in lower system energy requirements
for the provision of the total required refrigeration.
[0040] The multicomponent refrigerant fluid con-
tains two or more components in order to provide the
required refrigeration at each temperature. The choice
of refrigerant components will depend on the refrigera-
tion load versus temperature for the particular process
application. Suitable components will be chosen
depending upon their normal boiling points, latent heat,
and flammability, toxicity, and ozone-depletion potential.
[0041] One preferable embodiment of the multicom-
ponent refrigerant fluid useful in the practice of this
invention comprises at least two components from the
group consisting of fluorocarbons, hydrofluorocarbons
and fluoroethers.

[0042] Another preferable embodiment of the multi-
component refrigerant fluid useful in the practice of this
invention comprises at least one component from the
group consisting of fluorocarbons, hydrofluorocarbons
and fluoroethers, and at least one atmospheric gas.
[0043] Another preferable embodiment of the multi-
component refrigerant fluid useful in the practice of this
invention comprises at least two components from the
group consisting of fluorocarbons, hydrofluorocarbons
and fluoroethers, and at least two atmospheric gases.
[0044] Another preferable embodiment of the multi-
component refrigerant fluid useful in the practice of this
invention comprises at least one fluoroether and at least
one component from the group consisting of fluorocar-
bons, hydrofluorocarbons, fluoroethers and atmos-
pheric gases.

[0045] In one preferred embodiment the multicom-
ponent refrigerant fluid consists solely of fluorocarbons.
In another preferred embodiment the multicomponent
refrigerant fluid consists solely of fluorocarbons and
hydrofluorocarbons. In another preferred embodiment
the multicomponent refrigerant fluid consists solely of
fluorocarbons and atmospheric gases. In another pre-
ferred embodiment the multicomponent refrigerant fluid
consists solely of fluorocarbons, hydrofluorocarbons
and fluoroethers. In another preferred embodiment the
multicomponent refrigerant fluid consists solely of fluor-
ocarbons, fluoroethers and atmospheric gases.

[0046] The multicomponent refrigerant fluid useful
in the practice of this invention may contain other com-
ponents such as hydrochlorofluorocarbons and/or
hydrocarbons. Preferably, the multicomponent refriger-
ant fluid contains no hydrochlorofluorocarbons. In
another preferred embodiment of the invention the mul-
ticomponent refrigerant fluid contains no hydrocarbons.
Most preferably the multicomponent refrigerant fluid
contains neither hydrochlorofluorocarbons nor hydro-
carbons. Most preferably the multicomponent refriger-
ant fluid is non-toxic, non-flammable and non-ozone-
depleting and most preferably every component of the
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multicomponent refrigerant fluid is either a fluorocarbon,
hydrofluorocarbon, fluoroether or atmospheric gas.

[0047] The invention is particularly advantageous
for use in efficiently reaching cryogenic temperatures
from ambient temperatures. Tables 1-5 list preferred
examples of multicomponent refrigerant fluid mixtures
useful in the practice of this invention. The concentra-
tion ranges given in the Tables are in mole percent.

TABLE 1
COMPONENT CONCENTRATION
RANGE
CsF12 5-25
C4F10 0-15
CsFg 10-40
C,Fg 0-30
CF, 10-50
Ar 0-40
Ny 10-80
TABLE 2
COMPONENT CONCENTRATION
RANGE
C3H3F5 5-25
C4F10 0-15
CsFg 10-40
CHF3 0-30
CF, 10-50
Ar 0-40
Ny 10-80
TABLE 3
COMPONENT CONCENTRATION
RANGE
C3H3F5 5-25
C3H3Fg 0-15
CoHoF, 0-20
CoHF5 5-20
C,Fg 0-30
CF, 10-50
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TABLE 3 (continued)

COMPONENT CONCENTRATION
RANGE
Ar 0-40
Ny 10-80
TABLE 4
COMPONENT CONCENTRATION
RANGE
CHF,-O-CoHF, 5-25
C4Hq9 0-15
CF3-O-CHF, 10-40
CF3-O-CF3 0-20
CoFg 0-30
CF, 10-50
Ar 0-40
N, 10-80
TABLE 5
COMPONENT CONCENTRATION
RANGE
C3HsF5 5-25
C3HoFg 0-15
CF3-O-CHF5, 10-40
CHF; 0-30
CF,4 0-25
Ar 0-40
N, 10-80
[0048] Figure 3 illustrates another preferred

embodiment of the invention. The numerals in Figure 3
are the same as that of those of Figure 1 for the com-
mon elements which will not be described again in
detail. The embodiment illustrated in Figure 3 differs
from that illustrated in Figure 1 only in that there is no
separate heat exchanger for the multicomponent refrig-
erant fluid refrigeration circuit. Rather, the main heat
exchanger is used as the heat exchanger for the multi-
component refrigerant fluid refrigeration circuit. In the
embodiment illustrated in Figure 3 compressed feed air
stream 74 is passed through main heat exchanger 1
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rather than through a separate heat exchanger, and
therein is cooled and picks up refrigeration by indirect
heat exchange with refrigeration bearing multicompo-
nent refrigerant fluid stream 206 which also passes
through main heat exchanger 1 rather than through a
separate heat exchanger.

[0049] It should be noted that the inclusion of the
multicomponent refrigerant fluid refrigeration circuit and
the turboexpansion can be at any temperature levels
within the heat exchanger. For example, the multicom-
ponent refrigerant can provide refrigeration at higher
temperature levels whereas the turboexpansion can
provide refrigeration at lower temperature levels. For
some process applications dependent on the required
refrigeration versus temperature pattern, it may be that
turboexpansion is used to provide low temperature level
refrigeration. It may even be that some process applica-
tions would require the two refrigerant methods to pro-
vide refrigeration for overlapping temperature ranges.
Further, it should be noted that various process streams
within the separation process can be turboexpanded to
provide process refrigeration. Suitable process streams
can include a feedstream, product or waste streams, or
intermediate process streams. For cryogenic air sepa-
ration, the suitable process streams could include feed
air, product oxygen or nitrogen, waste nitrogen, or
higher pressure column vapor.

[0050] Although the invention is illustrated utilizing a
closed loop single flow circuit, some circumstances may
require various flow variations for the refrigerant circuit.
Dependent on process refrigeration requirements, it
may be desirable to use multiple independent flow units,
each with different refrigerant mixtures. Also it may be
that a given flow circuit would utilize phase separations
at one or more temperatures to allow internal recycle of
refrigerant liquids and avoid undesirable cooling and
possible freezing of those liquids. Finally, it may be
desirable to include turboexpansion of the gaseous
refrigerant fluid as another means of generating addi-
tional refrigeration. The specific choice of refrigerant
flow circuit mixtures and process conditions, i.e. mixture
compounds, compositions and pressure levels will
depend on the specific process application and its asso-
ciated refrigeration requirements.

[0051] The invention is especially useful for provid-
ing refrigeration over a wide temperature range, partic-
ularly one which encompasses cryogenic temperatures.
In a preferred embodiment of the invention each of the
two or more components of the refrigerant mixture has
a normal boiling point which differs by at least 5 degrees
Kelvin, more preferably by at least 10 degrees Kelvin,
and most preferably by at least 20 degrees Kelvin, from
the normal boiling point of every other component in
that refrigerant mixture. This enhances the effective-
ness of providing refrigeration over a wide temperature
range, particularly one which encompasses cryogenic
temperatures. In a particularly preferred embodiment of
the invention, the normal boiling point of the highest
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boiling component of the multicomponent refrigerant
fluid is at least 50°K, preferably at least 100°K, most
preferably at least 200°K, greater than the normal boil-
ing point of the lowest boiling component of the multi-
component refrigerant fluid.

[0052] The components and their concentrations
which make up the multicomponent refrigerant fluid
useful in the practice of this invention are such as to
form a variable load multicomponent refrigerant fluid
and preferably maintain such a variable load character-
istic throughout the whole temperature range of the
method of the invention. This markedly enhances the
efficiency with which the refrigeration can be generated
and utilized over such a wide temperature range. The
defined preferred group of components has an added
benefit in that they can be used to form fluid mixtures
which are non-toxic, non-flammable and low or non-
ozone-depleting. This provides additional advantages
over conventional refrigerants which typically are toxic,
flammable and/or ozone-depleting.

[0053] One preferred variable load multicomponent
refrigerant fluid useful in the practice of this invention
which is non-toxic, non-flammable and non-ozone-
depleting comprises two or more components from the
group consisting of CsF4p, CHF,-O-CyHF,, C4HFy,
C3H3F5, CoF5-O-CH5F, C3HoFg, CHF -O-CHF 5, C4F 4,
CF3-O-C2H2F3, C3HF7, CH2F-O-CF3, C2H2F4, CHF2-
O-CF3, CsFg, CoHF5, CF3-O-CF3, CoFg, CHF3, CFy,
O,, Ar, Ny, Ne and He.

[0054] Now with the practice of this invention one
can effectively provide enhanced refrigeration into a
cryogenic rectification plant. Although the invention has
been described in detail with reference to certain partic-
ularly preferred embodiments, those skilled in the art
will recognize that there are other embodiments of the
invention within the spirit and the scope of the claims.
For example, the process stream which receives refrig-
eration from the multicomponent refrigerant fluid refrig-
eration circuit need not be feed air, and moreover, need
not be physically passed into a column of the cryogenic
rectification plant. The invention may be practiced in
conjunction with cryogenic air separation systems other
than those illustrated in the drawings, and may be prac-
ticed in conjunction with other cryogenic rectification
plants such as systems for natural gas upgrading,
hydrogen recovery from raw syngas, and carbon dioxide
production.

Claims

1. A method for providing refrigeration for a cryogenic
rectification plant comprising:

(A) compressing a multicomponent refrigerant
fluid, expanding the compressed multicompo-
nent refrigerant fluid to produce refrigeration
and warming the expanded multicomponent
refrigerant fluid by indirect heat exchange with
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a process fluid thereby passing refrigeration
from the refrigerant fluid into the process fluid;

(B) passing refrigeration from the process fluid
into the cryogenic rectification plant;

(C) turboexpanding a fluid stream to generate
refrigeration and passing refrigeration from the
turboexpanded fluid stream into the cryogenic
rectification plant; and

(D) using refrigeration generated by the
expanded multicomponent refrigerant fluid and
refrigeration generated by the turboexpanded
fluid stream to produce at least one product by
cryogenic rectification within the cryogenic rec-
tification plant.

The method of claim 1 wherein the refrigeration
from the process fluid is passed into the cryogenic
rectification plant by passing the process fluid into a
column of the cryogenic rectification plant.

The method of claim 1 wherein the refrigeration
from the turboexpanded fluid stream is passed into
the cryogenic rectification plant by passing the tur-
boexpanded fluid stream into a column of the cryo-
genic rectification plant.

The method of claim 1 wherein the process fluid is
a feed air stream and wherein said feed air stream
is turboexpanded to become the turboexpanded
fluid stream and is subsequently passed into a col-
umn of the cryogenic rectification plant.

The method of claim 1 wherein the multicomponent
refrigerant fluid comprises at least two components
from the group consisting of fluorocarbons,
hydrofluorocarbons and fluoroethers.

The method of claim 1 wherein the multicomponent
refrigerant fluid comprises at least one component
from the group consisting of fluorocarbons,
hydrofluorocarbons and fluoroethers and at least
one atmospheric gas.

The method of claim 1 wherein the multicomponent
refrigerant fluid comprises at least one fluoroether
and at least one component from the group consist-
ing of fluorocarbons, hydrofluorocarbons, fluor-
oethers and atmospheric gases.

The method of claim 1 wherein the normal boiling
point of the highest boiling component of the multi-
component refrigerant fluid is at least 50°K greater
than the normal boiling point of the lowest boiling
component of the multicomponent refrigerant fluid.

Apparatus for providing refrigeration into a cryo-
genic rectification plant comprising:
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(A) a multicomponent refrigerant fluid refrigera-

tion circuit comprising a compressor, expan-
sion means and a heat exchanger, and means

for passing multicomponent refrigerant fluid
from the compressor to the expansion means, 5
from the expansion means to the heat
exchanger and from the heat exchanger to the
compressor;

(B) means for passing process fluid through the
heat exchanger and means for passing refrig- 170
eration from the process fluid into a cryogenic
rectification plant;

(C) a turboexpander for generating refrigera-
tion and means for passing refrigeration from

the turboexpander into the cryogenic rectifica- 15
tion plant; and

(D) means for recovering product from the cry-
ogenic rectification plant.

10. The apparatus of claim 9 comprising a main heat 20
exchanger through which feed for the cryogenic
rectification plant is passed, wherein the heat
exchanger of the multicomponent refrigerant fluid
refrigeration circuit is said main heat exchanger.

25

30

35

40

45

50

55



EP 1 016 840 A2

i e e
Ao pvaAS e
~‘\\Muu 5¢
> < MM/
— 8 98
< V"WA M
< M
/ 1 "N”Mw rali
== il
- —
a i8 o8

i
el oLl
96

26 16 68

o) 4

-
06 |[€6
>
6 _m

10






EP 1 016 840 A2

69 ~

7T\

P

T\

10¢ 202

b

coz 7 \ve

ool

)

{

14

12



	bibliography
	description
	claims
	drawings

